In order to explore the relations between left ventricular mass (LVM) and the pulsatile (pulse pressure) and steady (mean pressure) components of the blood pressure (BP) curve, 304 young and middle-aged essential hypertensive patients were studied by means of 24-h ambulatory BP monitoring and echocardiography. In the overall study population, both the BP components showed significant correlations with LVM. These correlations were unevenly distributed in the subgroups of subjects younger and in those older than 50 years. While in this latter subgroup, in multivariate analysis, both 24-h mean BP (24-MBP) (b ¼ 0.27; P ¼ 0.008) and 24-h pulse pressure (24-h PP) (b ¼ 0.23; P ¼ 0.02) were associated with LVM, in the subset of younger hypertensives only 24-h MBP (b ¼ 0.21; P ¼ 0.009) was related to LVM, independent of other covariates. The relations observed between 24-h PP and LVM in the entire study population and in the patients older than 50 years lost statistical significance when the effect of 24-h systolic blood pressure (24-h SBP) was taken into account, in a multiple regression model in which 24-h MBP was replaced by 24-h SBP. Our findings seem to suggest that the association of PP with LVM in middle-aged hypertensives may partially explain the increased cardiovascular risk, documented in subjects with high PP. However, this relation is not independent, but is mediated by SBP.
Introduction
The relation between blood pressure (BP) and cardiovascular risk arises from studies using conventional sphygmomanometry and, more recently, indirect ambulatory blood pressure monitoring (ABPM). Both techiques provide two measures of BP (systolic (SBP) and diastolic (DBP)), which represent the extreme values of the sinusoidal waveform of arterial pressure. However, BP curve is more precisely described as consisting of a pulsatile component (pulse pressure (PP), which estimates the amplitude of the cyclic oscillations around the mean) and a steady component (mean pressure). The former depends on ventricular ejection, arterial stiffness, and the timing of wave reflections, whereas cardiac output and peripheral vascular resistance are the major determinants of mean pressure. 1, 2 Several studies in last years showed that PP is a powerful independent predictor of total and cardiovascular mortality, especially in elderly subjects. [1] [2] [3] [4] [5] [6] [7] [8] There is an increasing amount of evidence that ambulatory BP may improve definition of individual cardiovascular risk. 9 In the PIUMA study, cardiovascular events were better predicted by ambulatory than by clinic PP. 8 In hypertensive patients, relations between PP and cardiovascular complications may be partially mediated by preclinical cardiovascular disease such as left ventricular hypertrophy. Contrasting data exist about the relations between PP and left ventricular mass (LVM) in young and middle-aged hypertensive subjects. [10] [11] [12] [13] [14] [15] [16] [17] The purpose of our study was to analyse the relations of 24-h pulse pressure (24-h PP) and 24-h mean pressure to LVM indexed for body surface area (LVMI) in 304 essential hypertensive patients, aged 18-65 years, and to assess the influence of age, if any, on these relations. Our investigation was also aimed at evaluating whether the relations between 24-h PP and LVMI might be explained by 24-h SBP (24-h SBP).
Methods
The study population consisted of 330 consecutive outpatients attending our institution. All of them were undergoing ABPM for the first time as part of clinical assessment of their hypertension. The subjects recruited had mild-to-moderate essential hypertension, defined according to clinic BP. Secondary hypertension was ruled out by clinical examination, and determination of serum creatinine, serum and urinary electrolytes, plasma renin activity, plasma aldosterone, plasma catecholamines, and renal echography.
Before entering the study, 276 hypertensives had been pharmacologically treated. These patients were studied after the discontinuation of all antihypertensive drugs for at least 2 weeks. Any patient whose BP increased to more than 180/110 mmHg during the washout period was excluded. Written informed consent was obtained from each patient.
Study design
After the period of pharmacological washout, body weight and height were measured and clinic BP was recorded. The latter was considered as the average of three consecutive measurements obtained by a mercury sphygmomanometer, after the subject had been supine for 5 min.
Moreover, all patients underwent 24-h ABPM, and a 24-h urine sample was collected to evaluate the levels of microalbuminuria, creatinine and electrolytes. The following morning, after an overnight fast, blood samples were drawn to measure the serum creatinine, sodium and potassium levels. Furthermore, an echocardiographic study was performed.
In all, 26 of the 330 patients were excluded from the study, because the BP exceeded 180/110 mmHg during the washout period or because suboptimal echocardiographic tracings or fewer than 80% valid ABPM measurements were obtained.
Measurements
M-mode echocardiography, guided by a two-dimensional echocardiography, was performed with the patient maintained in a partial left decubitus position, using an SPR Esaote 8000 Instrument (Esaote, Firenze, Italy). Echocardiographic data are expressed as the average of five consecutive cardiac cycles. Images were stored on videotape super VHS and read blindly by a single cardiologist, unaware of the patient's clinical characteristics.
M-mode measurements were taken according to the American Society of Echocardiography recommendations. 18 LVM was determined using Penn Convention measurements and the autopsyvalidated Devereux's formula, 19 which was indexed for body surface area (LVMI).
The variability for some echocardiographic variables was previously determined in 10 normotensive individuals during a period of 2 h by the physician who performed all the examinations. Percentage variability was defined as the difference between the two measurements divided by the first value. The mean intraobserver variability for LVM was 9.6%. A portable, noninvasive SpaceLabs 90207 recorder (Redmond, Washington, USA) performed the 24-h ABPM.
BP reading were performed automatically at 10 min intervals during the day (from 0700 to 2200 h) and at 15 min intervals during night time resting (from 2200 to 0700 h). The time periods were standardised according to the time at which the patients rose and retired. The device was applied in the morning to the nondominant arm and removed the next day at our hypertension unit.
Clinic and 24-h PP were computed as the difference between SBP and DBP.
While clinic mean pressure was calculated as DBP+PP/3, 24-h MBP was directly recorded by the ABPM oscillometric device.
Statistics
Statistical analysis was initially performed in the whole study population. Subsequently, this was divided into two groups according to age (over and under 50 years). Each subgroup was further subdivided according to whether the study subjects had 24-h PP or 24-h MBP above or below the relative median value.
Continuous variables were given as means 7 s.d., except for albumin excretion rate, which, because of its skewed distribution, was expressed as the median and interquartile range. It was therefore log-transformed before starting the statistical tests.
Differences between groups were evaluated using the Student's t-test for unpaired data. Adjustment for some confounding variables was made by analysis of covariance. For the categorical variables, comparisons were carried out using the w 2 test, with Yates' correction.
Simple and multiple regression analyses were performed to assess the contribution of the different BP components to the LVM. The 24-h PP, 24-h MBP and all other variables showing a statistically significant association with LVMI in the univariate analysis (with the exception of SBP and DBP) were considered to build a multiple linear regression model. Furthermore, to test whether the relations between 24-h PP and LVMI might be explained by 24-h SBP, these two variables were forced together into an additional multiple regression model, which differed from the former only because 24-h MBP was replaced by 24-h SBP. Moreover, to overcome the problem of multicollinearity, 20 all the subjects studied and the patients older than 50 years were divided into subsets according to 24-h PP values predicted from the regression equations relating 24-h PP with 24-h SBP. The subjects with a difference between the observed and the predicted 24-h PP above the relative median value were in the high PP groups, the remaining were included in the low PP groups.
The null hypothesis was rejected at a two-tailed Pp0.05.
The statistical analyses were carried out using the SYSTAT DATA software package, version 5.2 (Systat, Evanston, IL, USA).
Results
Some clinical and demographic characteristics of all subjects studied and of the two subgroups are given in Table 1 . As reported in Table 2 , in the whole study population, both 24-h PP and 24-h MBP correlated significantly with LVMI. These univariate correlations were stronger than those between clinic PP (r ¼ 0.18; P ¼ 0.002) and clinic MBP (r ¼ 0.25;
The significant associations between 24-h PP (b ¼ 0.18; P ¼ 0.002) and 24-h MBP (b ¼ 0.24; P ¼ 0.00007) with LVMI was confirmed by multiple regression analysis, where the other variables added to the model (R 2 ¼ 0.26) were sex, age, duration of hypertension, body mass index (BMI) and albumin excretion rate (logarithmically transformed).
Subsequently, we look at the same relations in the two subgroups of patients in which the entire population was divided according to age (over and under 50 years). This cutoff was chosen because Franklin has recently demonstrated in the Framingham study that the importance of PP as predictor of cardiovascular risk begins to rise above 50 years of age. 21 These analyses revealed that 24-h MBP correlated with LVMI in a similar way in subjects aged o50 years and in those X50 years (Table 2 and Figure 1 ) and these correlations held (b ¼ 0.21; P ¼ 0.009 and b ¼ 0.27; P ¼ 0.008, respectively) even after adjustment for the same covariates used to build the multivariate model in the entire study population. On the contrary, the relation of 24-h PP with left ventricular mass remained statistically significant only in the older subset of patients (b ¼ 0.23; P ¼ 0.02) in the multiple regression analysis.
Further subdividing each subgroup into subsets with different 24-h MBP and 24-h PP (above and below the relative median value), we observe that, in hypertensive patients older than 50 years (Table 3a) , LVMI was greater in both the subsets with higher levels of 24-h MBP and 24-h PP, when compared to the lower ones (140.7 7 28.5 vs 121.8 7 32.1 g/m 2 , P ¼ 0.0006; and 137.7 7 31.1 vs 124.5 7 31.9 g/m 2 , Blood pressure components and left ventricular mass G Mulé et al P ¼ 0.01, respectively), also after correction for some potential confounders, by ANCOVA ( Figure 2 ). In contrast, in the subgroup of younger hypertensive patients ( (Figure 2 ). Figure 1 Relations between LVMI and levels of 24-h MBP (lower panels) and 24-h PP (top panels) in 304 essential hypertensives divided according to age (above (on the left) and below 50 years (on the right)). The relation between LVMI and 24-h PP in hypertensive patients younger than 50 years of age lost statististical significance after adjustment for sex, age, duration of hypertension, BMI and albumin excretion rate (b ¼ 0.11; P ¼ 0.10). In order to evaluate whether the relations that we found between 24-h PP and LVMI in the entire study population and in the subgroup of patients aged X50 years might be explained by 24-h SBP, we tested a new multiple regression model, in which 24-h MBP was replaced by 24-h SBP, the BP component that in univariate analysis correlated better with LVM (Table 2) . When these further analyses were performed, 24-h PP failed to enter the models (b ¼ 0.04; P ¼ 0.61 in all the subjects studied and b ¼ 0.05; P ¼ 0.71 in those older than 50 years, respectively). On the contrary, the association of 24-h SBP with LVMI was highly significant (b ¼ 0.31; P ¼ 0.00012 in the overall study population and b ¼ 0.36; P ¼ 0.01 in the group of hypertensives aged X50 years).
However, as expected, 24-h SBP and 24-h PP were strongly correlated with each other (r ¼ 0.69 and 0.75 in the two groups under study, respectively). In such cases, multiple regression analysis to assess the independent effect of a single variable may be misleading (because of multicollinearity). 20 Accordingly, the entire study population and the patients older than 50 years were divided into subsets according to 24- The patients with a difference between the observed and the predicted value of 24-h PP above the relative median were included in the high PP groups, the remaining were included in the low PP groups.
The subjects with a difference between the observed and the predicted 24-h PP above the corresponding median value were included in the high PP groups; the remainder were included in the low PP groups. In this way, we obtained two subsets with different 24-h PP but comparable 24-h SBP levels (Table 4) . Either in the overall study population or in the hypertensive patients aged X50 years, no statistically significant difference regarding LVMI was observed between the subsets with low and high 24-h PP (120. 2 , respectively). These differences remained not significant even taking into account, by ANCOVA, some potential confounders, such as age, sex, BMI and duration of hypertension.
Discussion
In recent years, several studies have shown that parameters derived from the arterial pressure wave other than SBP and DBP provide important information on cardiovascular status. In particular, attention has been focused on the role of PP (the pulsatile component of the haemodynamic load), which has been associated with an increased risk for adverse cardiovascular events, including stroke, myocardial infarction, heart failure, cardiovascular death and overall mortality, in a number of populations. [1] [2] [3] [4] [5] [6] [7] [8] The relation of elevated PP with these latter hard endpoints may be mediated, at least partially, by a surrogate end-point, such as left ventricular hypertrophy, which is a well-known independent predictor of morbidity and mortality. 22 Most previous studies exploring the link between PP and LVMI have been based on clinic PP measurements, although it has been suggested that ambulatory PP correlates with organ damage and cardiovascular prognosis more closely than does office PP. 8, 17, [23] [24] [25] [26] [27] Controversy exists about the independent influence of PP on LVM, in comparison with the other BP components. [10] [11] [12] [13] [14] [15] [16] [17] While in some investigations, conducted in France, in small groups of hypertensive subjects, [10] [11] [12] [13] patients with chronic uraemia 13 or peripheral vascular disease, 13 PP emerged as the stronger BP determinant of LVM, in other larger studies, [14] [15] [16] [17] the correlation of PP with LVM was of lower relevance and sometimes fully explained by SBP. 16, 17 For example, in the mostly normotensive cohort of 3918 young adult participants in the CARDIA study, SBP was the strongest BP correlate of LVM both in black and white subjects, even if in white women a virtually identical association of LVMI with PP and SBP was observed. 15 In another study, carried out in 275 middle-aged clinically healthy hypertensives, PP and SBP, either clinic or ambulatory, showed similar correlation to LV hypertrophy. However, using different methodologies of multivariate analysis, PP was not related to LVM, when the effect of SBP was taken into account. 16 In the PIUMA study performed in 2545 middleaged hypertensive individuals, who underwent echocardiography and 24-h ABPM, all the BP components displayed significant correlations with LVMI, which were closer with ambulatory than with clinic BP. The association rank ordered as 24-h SBP (r ¼ 0.44) 424-h MBP (r ¼ 0.38) 424-h PP (r ¼ 0.37) 424-h DBP (r ¼ 0.29). However, in multiple regression analysis, when 24-h SBP and 24-h PP were forced into the same model, the relation of 24-h PP with LVM lost statistical significance. 17 The findings of these latter studies seem to be in keeping with our results. Indeed, we found that in a large group of young and middle-aged essential hypertensives, both the steady (MBP) and the pulsatile (PP) components of the arterial pressure waveform, recorded by 24-h ABPM, were tightly correlated with LVMI in the overall study population. However, these correlations were unevenly distributed in the subgroups of subjects younger and in those older than 50 years. While in this latter subgroup, both 24-h MBP and 24-h PP were associated with cardiac mass, in the subset of younger hypertensives only MBP was related to LVMI, independently of other covariates.
A possible explanation for these results may be obtained from the pathophysiological mechanisms of an increased PP. In fact, a widened PP in young subjects is frequently related to an increase in cardiac output or other parameters, whereas in elderly individuals it is chiefly caused by a reduction in arterial compliance. Indeed, arterial stiffening, by enhancing left ventricular pulsatile work, increases end-systolic stress and myocardial oxygen demands and may promote cardiac remodelling. [28] [29] [30] The lack of an independent association of 24-PP with LVMI in younger hypertensives must be cautiously interpreted because of the mechanistic phenomenon, which tends to decrease with age, that is the progressive amplification of the pressure wave from the aorta to the upper limb arteries, where BP is usually measured. While mean arterial pressure shows little difference between central and peripheral arteries, in young adults brachial PP may be 50% greater than in the aorta. In older subjects, these differences are small and probably irrelevant. 1, 2 Therefore, in young individuals, PP recorded at arm might not be a reliable marker of central PP. This is important because central pressure, not brachial artery pressure, defines input aortic impedance and cardiac afterload, which is the dominant factor in the development of left ventricular hypertrophy. 1, 2 However, it is conceivable that the phenomenon of PP amplification moving away from aorta may be less pronounced in hypertensive people, because of premature vascular stiffening, thus reducing overestimation of central haemodynamics when we measure BP from peripheral arteries. 1 Another important finding of our investigation, which is consistent with the results of previous studies, 16, 17 was the observation that SBP was the explanatory factor of the relation between 24-h PP and LVM in the entire population and in the group of older hypertensives. A multiple regression model in which both 24-SBP and 24-PP were included initially obtained this result. As a result of the high degree of collinearity between these two variables, we cannot exclude a statistical bias. 20 To overcome this problem, we divided the study groups into subsets with different 24-h PP and similar 24-h SBP. Also this approach, showing no difference regarding LVMI between these subsets, confirmed the results of multiple regression analysis.
Our findings seem to suggest that the association of PP with LVM in middle-aged hypertensives may partially explain the increased cardiovascular risk, documented in subjects with high PP. However, this relation is not independent, but is mediated by SBP, which therefore represents a key pathophysiologic factor linking an elevated PP to a greater LVM and in part to cardiovascular events.
As a result of the cross-sectional nature of our study, we cannot exclude the possibility of different results by prospective analyses, as suggested by two longitudinal studies, 26, 27 performed by using invasive ambulatory BP recorders, in which the best predictor of future LVM, after a follow-up of about 10 years, was 24-h PP.
Moreover, whether the present findings may be extrapolated to patients older than 65 years remains to be elucidated.
In conclusion, our results indicate that, while in hypertensives younger than 50 years, only the static component of BP waveform is a determinant of LVM, in those middle-aged, older than 50 years, both the steady and pulsatile BP components are associated with LVM, although the relation of the latter with 24-h PP is explained by SBP.
